Collective violence in direct confrontations happens in short bursts wherein small subgroups briefly attack small numbers of opponents, while the majority of participants forms a supportive audience. These bursts can be explained by Kuramoto's synchronization model. you to Don Weenink.
Introduction
From hunter-gatherers to modern citizens, people coalesce into groups that sometimes confront each other antagonistically. If this leads to a physical confrontation-without long range weapons-what will happen? In Hollywood movies, collective violence looks like a chaotic mess of everybody fighting simultaneously. An extensive study [1] of many photographs and surveillance video's of violent conflicts showed up a very different pattern, though: initially, tension builds up, followed by short bursts of violence wherein small subgroups briefly attack a small number of opponents, in particular stumbling, isolated or otherwise weakened individuals. Meanwhile, the majority forms a supportive audience without committing violence. This pattern holds for both protesters and police [2] , as well as groups engaging in ordinary street fights [3] . For most people it is difficult to overcome their fear of, and inhibitions towards, violence, even for police with professional training and leadership.
Experienced fighters and others with a preference for violent action tend to select each other assortatively well before a fight, based on reputations and subtle cues. At a confrontation, they form small groups of typically 3 to maximally 5 individuals that include a leader, and interact among one another in close physical co-presence with a mutual focus of attention [4, 5] . These interactions involve repetitive movements and expressions, which feed back into their behavior and strengthen their bonds, even more so when they are encouraged by a cheering audience [6] . This results in a shared intentionality [7] , which is not enough to overcome their psychological thresholds, though [1] . At some point, however, their movements and expressions synchronize, which provides a boost of emotional energy [8] to get to action. Acting violently is very exhausting, though, and lasts much shorter than in Hollywood movies, whereafter the attackers retreat into their own group.
For obvious ethical reasons there is no experimental replication of these observations, but there is evidence of synchronization's motivational effect in nonviolent experiments. When comparing treatments with asynchronous to synchronous movements, contributions to public goods were significantly higher in the latter [9, 10] . The discursive theory of violence [1] contributes an intuitive understanding of the key variables but can't explain why violence occurs in bursts, and why at other times, preparatory interactions fail to yield synchonization and drain emotional energy [8] . To these two ends I apply Kuramoto's synchronization model [11, 12] , which is widely used in physics, biology, engineering, complex networks and computer science [13, 14, 15] . Whereas current models of violence [16] and group selection [17] are at the macro level, Kuramoto's model, by exception, can be used to analyze micro level dynamics.
Synchronization
In an antagonistic situation, described above, we examine fully connected graphs with 2 ≤ n ≤ 5 members. A social tie w ij (t) between i and j (also) indicates the extent to which i is receptive to j's influence. Consistent with empirical findings [18] , tie strengths are power law distributed, g(w) = αw β , here with 0 ≤ β ≤ 1.2 and the strongest ties to the leader. Consequently, β is an indicator of strong leadership and for β = 0, the group is egalitarian. When the members focus on one another, their ties to other people temporarily weaken, and are left out of the model. Along with ties to specific individuals, members are committed to, or identify with, their group as a whole or its current goal, indicated by K i . For simplicity, I assume that all members have the same level of commitment, K.
Two individuals are in sync when they move or scream in the same rhythm and are in the same phase, for example when their arms go up and down at the same moment or their utterances coincide. The phases of their repetitive movements or expressions are then the same, θ i (t) = θ j (t), whereas fluctuating or large differences indicate a lack of synchronization [19] . The degree to which all members are synchronized is indicated by 0 ≤ r ≤ 1, to be precise, by a complex order parameter r(t)e i θ(t) [11] . Initially, individuals are in their own rhythm and out of sync, modeled by a uniform distribution of their frequencies, f (Ω). This conceptualization is used in Kuramoto's model, with time indices left out for clarity and phase shift denoted byθ i :
In the original model, synchronization is studied in response to increasing K, but, as said, K is kept constant here while tie strengths increase, indicated by α. In response to the latter, movements and utterances initially remain incoherent; r(t) behaves chaotically but according the definition, fluctuating r(t) is set to zero. At a critical threshold α c , there is a sudden phase transition toward nearly maximal synchronization, a famous and robust result of the Kuramoto model [13, 14] ; see Fig. 1 . The jump start of synchronization boosts members' emotional energy for violent action. When the combatants get exhausted and their ties weaken, their violence stops as suddenly as it started. If during the preparatory interactions, α does not surpass α c , synchonization is not achieved, which is more likely in groups with weak leadership (low β). The model thus explains the bursts of violence recorded in visual data, as well as their absence in similar situations.
Because of cognitive limitations in the amount of social influence people can absorb [20] , synchronization becomes more difficult for larger and sparser networks. Why bursts of violence have only been observed for small groups, and how these bursts fit into a larger pattern that incorporates the audience and the opponent, remain questions for future research.
